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I SPECTROSCOPIC EXAMINATION OF OLD CHINESE BRONZES 
I INrRODUCT ION 
It is not known when mirrors were first used in 
China. However in the twenty-first year of Duke 
Chuang of Lu, the traditional date of which is 673 
B. c. a"queen's girdle with a mirror in it" is men-
tioned.1 
The earliest mirror bearing a dated inscription 
is of the year 6 A. D. Within recent years many 
mirrors have come to light which are undoubtedly ear-
lier than the inscribed mirrors and date from the 
late ChoU and Chin dynasties. 
The first convex mirrors were of the Han dynas-
ty. The convexity was sufficient to reduce the size 
of the ret'lection so that the face was seen in the 
smaller circumference in excellent proportion. In 
addition, Han mirrors had other merits beside their 
obvious use as a hand mirror. They were worn for 
more than convenience by both men and women alike. 
They had assumed an ulterior purpose. In wearing a 
mirror it was believed one might ensure numerous 
benefits. 
li 1. Hall, A. R. ~ J. Am. Or. Soc., Vol. 55, No.2, 182. 
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The mirror was a symbol which revealed the sane-
tions of Heaven, as displayed in its roundness. It 
was a symbol of the intelligence of the Heavens as in-
dicated by its shining. It was a medium by which fire 
could be drawn from the sun, and water, or dew, from 
the moon. All of these associations lent a mystical 
validity to the mirror, and in the Han dynasty it be-
came a talisman, a supernatural agent of the sun, moon, 
and the stars, which were believed to control the des-
tiny of man. 
Only after the Han dynasty was the mirror itself 
invested with magical power and freighted with weird 
uses. They hinge on the belief that the mirror has 
in itself an occult power. On a Han dynasty mirror, 
the figure of Huang Ti, the Yellow Emperor, is rep-
resented on the back, and the inscription states that 
"Huang Ti wards away evil. 11 But later the mirror it-
self was believed to have the power to ward off all 
evil influences, to reflect what is invisible to the 
naked eye, and to reveal the unknown. 
Practically every Han tomb which has been found 
contains 1nirrors. However only a few were found in 
each to~b. They were placed there along with pottery, 
toilet boxes, weapons, and other personal possesions. 
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The burial of personal possesions along with food and 
drink was essentially the fulfilment of the desire to 
provide for the long future those things which had 
been needed and prized in life. This included spec-
ial objects such_as peaches and jujubes which were 
supposed to ensure immortality. 
There is no question that the Chinese mirror was 
always used as a toilet mirror. In addition it was 
used as a talisman and was worn even in the hope that 
it might be used in the hereafter. The utility of the 
early mirror can not be denied. Its chief signifi-
cance depends upon its original function. With Tao-
ist astromancy, it was a celestial agent of supernat-
ural potency. The mirror in turn was an emblem and a 
talisman of Heaven. It became synonymous with his-
tory, and a symbol of wisdom and purity. 
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II HIS'l' ORY OF COLLECT ION 1 
The mirrors in this collection were gathered in 
China during the years 1931 to 1934 by carol and 
James Marshall Plumer. Most of the Huai Valley mir-
rors we1•e acquired in the so-called "Thieves Bazaar" 
in Shanghai between November 1933 and July 1934. They 
were put on the market after the irregular arrivals 
of a "k'o jen" or "guest" and were in every case 
stated to have come from Shouchou. 
"On one occasion I met this k 1 o jen, or one of 
them, who turned out to be a native of Yangchow, a 
south Kiangsu man, whose foraging expeditions extend-
ed into the neighboring Huai Valley region. Follow-
ing his arrival various other obJects also came on 
the market, such as daggers, spear heads, garment 
hooks, horse bits, rings set in T'ao T'ieh masks, 
and various small jade objects. 
"These objects are similar to many acquired by 
Karlbeck from the region under consideration. While 
they are likewise similar to those from Old Lo-Yang, 
a Honan origin was never claimed for them, and indeed 
during the past few months when a Honan k'o jen has 
arrived, different kinds of objects have appeared, 
mostly. Han and T 1 ang pottery. As a check on the 
1. Plumer, J.M., cat. of 42 c;hinese Mirrors, Harvard. 
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arrival of a man direct from Loyang, I noted on the 
Shanghai market an unusual rectangular tray, earthen-
ware with the iridescent glaze typical of Han, which 
I had actually seen and handled in Loyang two or 
three weeks before. Vague as this information is I 
offer it for what is is worth." 
The collection was sent to Fogg Museum of Art 
at Harvard where it is now housed. Mr. R. J. Gettens 
of Harvard is in charge of the research on the collec-
tion which was given to the museum for experimental 
use. 
The following table gives the approximate dates 
of the Chinese dynasties which produced the mirrors 
1 
used in this study: 
1122-249 B. c. 
Western Han 206-25 A. D. 
Eastern Han 25~220 A. D. 
T 1ang 618-906 A. D. 
1. Catalogue International Exhib~t Uhinese Art, 
1935-1936, w. Clowes and Sons, Ltd., London. 
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III lVlEr HOD OF ANALYSIS 
A. Apparatus 
1. Spectrograph 
The small quartz prism spectrograph made by Adam 
1 Hilger Ltd. was used for the entire analysis. This 
instrument is catalogued as number E-31. It is de-
signed to give extreme simplicity of operation. It 
consists of a single movable jaw slit mounted on the 
collimator tube, a quartz lens to collimate the light, 
a quartz prism, and a plate holder. The plate holder 
is the 3t by 4t inch size. The region from 6000 Ang-
stroms to 3500 occupies only about fifteen milli-
meters on the plate. The dispersion is greater in 
the shorter wavelengths, and the region from 3500 
Angstroms to 1890 Angstroms occupies seventy milli-
meters. 
The instrument is made of metal which gives great 
rigidity. The only adjustments necessary are made 
on the slit and on the position of the quartz lens in 
the collimator which determines the exact focus of the 
instrument. This construction avoids all possibility 
of the spectrograph getting out of adjustment even if 
used over a number of months. 'l'he plate holder is 
1. Adam Hilger Ltd., Camden Road, London, England. 
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made of wood. It is suggested that a metal plate 
holder and metal ways would be advantageous. The 
wooden ways designed for the holder allow a small 
transverse movement which destroys the exact align-
ment of the plate as it is racked up and down. 
2. Slits 
In addition to the adjustable spectrograph slit, 
two auxiliary slits proved to be very useful. Each 
of these was a slit about one centimeter long and one 
millimeter wide cut in a piece of heavy cardboard 
which was about twenty centimeters square. These 
auxiliary slits were mounted on ring stands in front 
of the spectrograph slit. The first slit was placed 
ten centimeters from the spectrograph slit. The sec-
ond slit was placed twenty centimeters from the spec-
trograph slit. With proper adjustment the only light 
which passes through the system is parallel to the 
collimator. This insures exact alignment of the light 
source for each exposure and screens the slit from 
light other than that of the arc. 
3. Arc Holder 
The light source for all the spectrograms was a 
carbon arc. Two carbons were held in clamps which 
were insulated from each other. The clamps were 
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mounted on a threaded shaft so that they could be made 
to approach one another by rotating a hartdwheel at-
tached to the shaft. This made it possible to adjust 
~the arc during an exposure. The holder was heavily 
constructed to carry the large currents used. It 
was mounted on a ring stand so that vertical and hori-
zontal ad,;ustments could be easily made. 
4. uarbons 
The light source, as has been mentioned, was a 
carbon arc. Acheson Graphite was used throughout the 
analysis.l This graphite as obtained is fairly 
pure. (III-B) The 5/16 inch size was used which is 
provided in twelve inch lengths. These, when cut into 
two inch lengths and properly shaped with a clean 
knife, were placed in the arc holder and a piece of 
sample placed in the lower carbon crater. Then an 
arc was struck between the two pieces of graphite 
which vaporized the sample. 
5. Resistance Unit 
It is necessary to use a resistance unit in ser-
ies with the arc. This was designed to handle currents 
from eight to fifteen amperes at 110 volts when short-
circuited across the line. Approximately fifty feet 
1. National Carbon uompany Inc., New York. 
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of Chromel "A" ribbon, 1/8" by 0.1'76" , were wound 
1 
on a .frame. lJ!he frame was made of two boards which 
were about forty-five centimeters by twenty centi-
meters by two cemtimeters. A hole was drilled at 
each corner of the boards and four steel rods were 
driven in. Each rod was ~out forty-five centimeters 
long. The rods were covered with sheet asbestos to 
provide insulation. 'l'he wire was wound around the 
boxlike frame on the rods. The turns were spaced 
about one centimeter apart. This arrangement proved 
adequate to dissipate the ohmic heat developed while 
the arc was running. A heavy battery clip constitu-
ted one terminal of the resistance. This could be 
clipped to the ribbon at any point to give the de-
sired current in the arc curcuit. 
6. Photographic Plates 
Since it is necessary to photograph the spectrum 
below 2500 Angstroms the absorption by the gelatin 
becomes impPGtant. Below 2000 Angstroms the gelatin 
absorbs practically all incident radiation. There 
are several ways to make a plate sensitive to ultra 
~iolet light. The simplest method is that of Schu-
mann who covered an ordinary plate with a fluorescent 
1. Hoskins Manufacturing Company, Detroit, michigan. 
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oil. 1 Eastman III-L plates2 gave fairly good results 
when covered with a thin layer of "Nujol 11 mineral oil. 
The definition will be fairly good if the oil layer 
is brushed out very thin with a camel's hair brush. 
After the exposure can be removed by washing the Plate 
in ligroin. However this procedure tends to leave a 
greasy film which may produce spots or stains. 
The most desirable type of plate seems to be the 
type III-0, ultra-Violet Sensitive plate made by the 
Eastman Company2 • This is a medium speed, fine grain 
plate which has been covered with a micro-crystalline 
deposit of the ethyl carboxylic ester of dihydro-
collidine. This deposit fluoresces strongly in ultra-
violet light and gives a good photographic image over 
the region 4000 Angstroms to 1850 Angstroms. 
After the exposure the fine crystals of the di-
hydrocollidine ester may be dissolved in acetone, or 
they may be brushed off with a camel•s hair brush 
after the plate has been placed in the developer. The 
latter method is simpler and gives satisfactory re-
sults. 
7. Gomparators 
Two spectrogram comparators were used. The 
1. Harrison, G. R., J. Opt. Soc. Am., Vol. 11, 1935. 
2. Eastman Kodak vompany, Rochester, New York. 
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simplest consisted of a small box with an electric 
light bulb inside. 'l'he top of the box was covered 
with a piece of ground glass to give uniform illum-
ination. The spectrograms were placed on a pair of 
ways above the box and viewed with a small hand glass. 
In addition a frame was built which fitted into 
a conventional lantern slide projector. Two spectra-
grams could be superposed and clamped together in the 
1'rame.']he image o1' theni was then pro.iected onto a 
screen which gave ~ny desired degree of enlargement. 
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B. The Standardization of Technique 
Vfuenever comparisons of spectra are to be made, 
it is essential that the electrical, optical, and 
photographic conditions for the production of the 
spectrograms be maintained constant for the whole 
series of samples. The spectrum must be reproduced 
at will, not only as regards the general intensity of 
the entire spectrum, but also as regrads the relative 
intensities of the individual lines. This is necess-
itated by the fact that certain lines vary in inten-
sity more than the rst of the spectrum as the con-
ditions are varied. 
1. Preliminary Adjustments 
a. Arc 
'J'he arc must be placed so that it is in line 
with the optic axis of the spectrograph. This can 
be accomplished by viewing the arc from the camera 
end of the spectrograph through a small hand lens. 
'J'he arc should be clearly visible through the slit 
and the slit illuminated uniformly along its length. 
The arc was placed thirty centimeters from the spec-
trograPh slit. 
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b. Auxiliary Slits 
It is essential that the arc be kept in perfect 
alignment with the optic axis of the spectrograph if 
reproducible results are to be obtained. The easiest 
method of accomplishing this is to place two auxiliary 
slits between the spectrograph slit and the arc itself • 
After the arc is aligned as described above, the 
two slits are interposed in the light path. The first 
slit is placed about ten centimeters from the spec-
trograph slit and moved until the arc cna be seen from 
the camera end of the spectrograph as before. The 
second slit is then nlaced ten centimeters from the 
first slit and aligned just as the first slit was. 
Both auxiliary slits are clamped firmly in this pos-
ition. These two slits will now transmit light that 
is exactly parallel to the optic axis of the spectre-
graph and exclude all other light. 
There is now only one pCEition of the arc at which 
the light will traverse the two slits and shine down 
the collimator tube. This determines the exact posit-
ion of the arc. To get the arc in the proper place it 
is only necessary to move it umtil the narrow beam 
of light transmitted by the two auxiliary slits falls 
squarely on the spectrograph slit. This makes it a 
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very simple matter to keep the arc in exact alignment 
even though the discharge may wander atound the car-
bon during the exposure. 
c. Spectrograph 
The spectrograph must be focused by varying the 
position of the quartz lens in the collimator. This 
is most easily accomplished by taking a series of 
exposures and moving the adjustment a small distance 
for each exposure. The most critical focus can then 
be determined by inspection .ofcthe developed plate. 
The proper slit adjustment is more difficult to 
secure. Rough adjustment may be made by means of a 
ground glass screen in the plate holder. Exact ad-
,iustment must be secured by making several exposures 
and changing the slit as indicated. A slit width of 
about 0.015 millimeters should be used. This slit 
width just gives separation of the tin lines at 2267-
Angstrorns and 2269 Angstroms. 1 If the slit is too 
wide the resolution is not good. If it is too narrow 
a transveuse streakiness is observed, with variations 
in intensity along the lengths of the individual lines. 
The slit must be vertical. This is accomplished 
1. Smith, D. M., Metallurgical Anal. by Spect.,p 21. 
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by rotating the tube on which the slit is mounted. A 
very minute rotation is easily observed when spectre-
grams are compared so this must be done accurately. 
The total length of the slit is about a centimeter. 
A wedge is provided to reduce the length to a us~able 
value. A slit length of four millimeters was used 
throughout this work. 
After all of the above adjustments have been 
made it is often necessary to refocus the instrument. 
This is necessary because more precise focusing is 
possible after the slit is properly adjusted. 
2. Production of Spectra 
Each metal gives a distinctive arc and a dis-
tinctive spark spectrum. A study of the lines pro-
duced by either m~thod suffices to identify the metal 
producing the lines. To produce a spark spectrum, 
two electrodes made of the sample under investigation 
are placed in a spark gap. A high potential spark 
is then passed between them. This produces the so-
called spark spectrum, which is due to ionized atoms 
of the metal. Since the spark is not brilliant is 
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The arc spectrum was used almost exclusively for 
this problem, as veyy intense spectra are produced and 
minute amounts of metal are more easily detected than 
in the spark method. 1l'he spectrum is due largely to 
neutral atoms of the metal. 
The arc is produced by placing two pieces of 
Acheson Graphite in the arc holder. These electrodes 
are touched together and imrnediateiy separated. An 
intense arc is formed between them which immediately 
vaporizes the small piece of sample placEd in the lower 
one. 
The electrodes were about two inches long and 
five-sexteenths inches in diameter. The lower elec-
trode was cut to a blunt point and a shallow cavity 
drilled out of the end. A small piece of the sample 
is placed in the cavity. The upper electrode is 
shaped to form a point. When the arc is struck be-
tween the electrodes, the metal melts quickly and 
forms a molten globule. After about five seconds a 
steady discharge is obtained which will last for 
thiry seconds or more. 
The arc was operated at 110 volts direct current 
and approximately eight amperes. The current could 
be changed as needed by varying the resistance which 
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was in the circuit. 
Acheson Graphite is fairly pure and uniform, 
but the following impurity lines may be present:l 
Silicon 2881.6 2519.2 2507.0 
2528.6 2516~1 
2524.2 2514.4 
c.;opper 32'74.0 324'7.5 
Calcium 4226.'7 3968.3 3933.7 
Magnesium 2852.1 2802.7 2795.5 
Iron 3021.1 2994.4 2'720.9 2488~~ 2 
3020.9 2969.9 2719.0 2483~3 
Vanadium 3185.4 3119.7 2924.0 2892.7 
3184.0 3102.3 2908.8 
3118.4 3093.1 2893.3 
Titanium 3385.9 3361.3 3242.0 3236.6 
3372.8 3349.4 3239.0 3234.5 
3. Recording of Spectra 
a. General Procedure 
The loaded plate holder is placed in the spec-
trograph and racked to the desired position. Two 
clean carbons are placed in the arc holder and the 
arc is struck. Adjsutments are made until the rib-
bon of light transmitted by the auxiliary slit sys-
tem falls directly on the spectrograph slit. A 
small piece of sample is then placed in the cavity 
1. Smith, D. M•, Metallurgical Anal. by S pect., p. 29. 
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of the lower carbon and the arc struck and ,agjusted 
until it is going smoothly. 'l'hen the dark slide is 
carefully removed from the plate holder which begin~ 
the exposure. If the arc wanders around the carbons 
is is necessary to keep adjusting the arc holder to 
keep the ribbon of light directly on the spectrograph 
slit during the entire exposure. 
At the end of the exposure time the dark slide 
is caret'ully replaced, and the plate holder racked to 
the position of the next exposure. 'J.'he two used car-
bons are discarded immediately to avoid any possibil-
ity of contaminating the new carbons which are used 
for each exposure. 
b. Plate Exposure 
The actual exposure varies with the type of samp~ 
used and results to be obtained. In general, with 
the apparatus standardized as above, an exposure of 
ten seconds was sufficient for a metallic salt, and 
five seconds was sufficient for the metal itself or 
an alloy of the metal. When it is desirable to look 
for very faint lines the exposure time should be in-
creased somewhat. However ther is no value in increas-
ing the exposure time indefinitely. This is due to 
19 
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which will immediately obscure any faint lines which 
are sought. The _optimum time of exposure will there-
fore vary and must be determined by experiment. ocas-
sionally a very short exposure is of value. This is 
the case when the persistent lines of a metal must be 
determined. (III-D) 
c. Plate Development 
Since the spectrograms were made over an extend-
ed period of time, it is essential that the develop-
ment of the plates be well standardized. Each spec-
trogram was developed and fixed in small open trays 
immediately after the exposure. 
1. General Procedure 
The plate was removed from the plate holder and 
washed for thiry seconds in clean water.at either 
seventeen or eighteen degrees Centigrade. Most of 
the sensitizing material could be brushed off the plate 
with a small camel's hair brush during this prelimi-
napy washing. The plate was transferred to the dev-
eloper tray and developed for seven minutes in East-
man D-76 developer at eighteen degrees. (See next 
section) If Rodinal developer was used~ the time was 
1. Agt'a-Ansco c.;orporation, Hinghamton, New York. 
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reduced to four minutes at eighteen degrees. After 
development the plate was washed in clean water for 
fifteen seconds and then transferred to an acid-hard-
ening fixing bath, and fixed for fifteen minutes. 
Then the plate was washed in running water for half an 
hour, wiped as clean and dry as possible with a piece 
of cotton moistened with water, and allowed to dry at 
room temperature. 
The temperature of development is very impor-
tant. The plates used had a high temperature coe-
rt·icient which led to under-development if the dev-
eloper was too cold, and produced fogging if the 
developer was too warm. 
The preliminary washing softens the gelatin 
before the plate is put into thedeveloper and pro-
duces more uniform development. The acid-hardening 
fixing bath is very convenient because during fix-
ation the plate emulsion becomes so hard that it is 
almost impossible to scratch it. 
2. Formulae 
Eastman D-?6 is made as follows: 1 
Water {50 Degrees) ?50 cc 
Elon 3 g 
Sodium Sulphite 100 g 
Hydroquinone 7';5 g 
Kodalak 7l5 g 
Water to make 1000 cc 
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Use the developer full strength. Develop sev-
en minutes at eighteen degrees uentigrade. 
Rodinal is a prepared one solution developer. 
It should be diluted ore part developer to ten parts 
of water. The development time at this dilution is 
four miuntes at eighteen degrees. Good results were 
obtained with this developer and it is very convenient 
to use. 
The acid-hardening fixing bath (Eastman F-1) 
is made as follows: 
Water 
Hypo 
1000 cc 
240 g 
VI/hen completely dissolved add the following hardeni11g 
solution: 
water ( 50°0) 
sodium Sulphite (Anhyd.) 
Acetic Acid (28%) 
Potassium Alum 
80 cc 
15 g 
48 cc 
15 g 
Dissolve the chemicals in the order given. Each 
chemical must be complete):y dissolved before the 
next is added. Cool the hardner and add it with 
stirring to the cool hypo solution. 
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c. Preparation of P~re Materials 
The best method of identifying the impurity lines 
in a spectrogram is to compare the spectrogram with 
the spectra of the various pure metals known to be in 
the alloy. All the Chinese bronzes contain copper, 
tin, and lead. All the spectral lines not occuring 
in the spectra of pure copper, tin, and lead, are 
obviously due to impurities in the bronzes. 
1. Pure uopper1 
Ordinary c. P. copper sulfate was used as the 
starting material for the preparation of pure copper. 
This copper sulface contains a small amount of bis-
muth, silver, and arsenic. The best method of remov-
ing these impurities ~s to electrolyze a solution of 
the salt with platinum electrodes. 
A clean pyrex evaporating dish of 250 cc capacity 
was fitted with a WS!tch glass in which two small holes 
about five centimeters apart, were drilled. A plati-
num electrode three centimeters long and a centimeter 
wide was suspended by a platinum wire through each 
hole in the watch glass. The two electrodes were con-
nected to a six volt storage battery through a resis-
tance which could be varied from one to a hundred ohms. 
1. Archibald, E. H., Prep. of Pure Inorg. Sub.,p. 54. 
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A millammeter was also placed in the circuit. A large 
sheet of glass was suspended horizontdlly above the 
apparatus to screen out dust. 
Twenty-five grams of t;. P. grade copper sulf'ate 
were dissolved in one hundred cc of distilled water. 
Two cc of redistilled sulfuric acid and one drop of 
redistilled nitric acid were added. The resulting 
solution was placed in the evaporating dish. 
The electrodes were cleaned in redistilled nit-
ric acid and washed with water. The cathode was then 
rubbed with a very minute quantity of pure paraffin. 
This helps to fill in the irregularities in the plati-
num and makes the deposited copper easy to remove. The 
electrodes were then placed in the solution and the 
dish covered with the watch glass. The variable resis-
tance was adjusted until a current of approximately 
one-tenth of an ampere was flowing in the circuit. 
The solution was electrolyzed until the color became 
light blue indicating that the mahor part of the cop-
per had plated out on the cathode. 
The cathode was then carefully removed from the 
solution and washed in distilled water. The copper 
deposit was removed and digested with dilute potass-
ium hydroxid' solution, dilute sulfuric acid, and a 
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large amount of pure water. The cleaned metal was 
then dissolved in redistilled nitric acid. Redis-
tilled sulfuric acid was added in excess and the salt 
heated until it was all converted into the sulfate. 
The sulfate was then recrystallized three times from 
distilled water. 
The purified copper sulfate was then electrolyzed 
exactly as before, the copper metal removed, washed, 
dissolved in nitric acid, and the sulfate formed. This 
was again subjected to electrolysis. 
'l'he third electrolysis was stopped when about 
two-thirds of the copper had been plated out. The 
electrolyte was disca~ded. The deposit of copper 
was washed with water, and about a third of it dis-
solved in redistilled nitric acid. This copper nitrate 
was then converted to the sulfate and dissolved in 
water. One-half cc or sulfuric acid was added to-
gether with one drop of redistilled nitric acid. Then 
about two-thirds of the copper metal which had been 
left on the cathode was transfeered through the sol-
ution to the other electrode. 
The electrolyte:_,was again discarded, part of the 
new copper deposit dissolved as before and a new elec-
trolyte made from it. About two-thirds of the copper 
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remaining on the electrode was again ~ransferred 
through the solution. This final electrolysis yield-
ed about a gram of ve~ pure copper. 
2. Pure Lead1 
One hundred grams of ordinary c. P. lead nitrate 
were dissolved in distilled water and the solution 
evaporated just to saturation at the boiling point. 
The lead nitrate was reprecipitated by adding redis-
tilled nitric acid and coolint the solution. The 
resulting precipitate was filtered off and washed 
three times with cold concentrated nitric acid. The 
purified lead nitrate was then dissolved in water 
and the solution evaporated to the saturation point. 
Nitric acid was again added and the lead nitrate fil-
tered and washed as before. 
The purified lead nitrate was then dissolved 
in water. Redistilled hydrochloric acid was ::added 
until all the lead was precipitated as lead chloride. 
The precipitate was washed three times by decantation 
with ice cold water and drained as dry as possible. 
The lead chloride was then recrystallized three times 
from one-hundredth normal hydrochloric acid by evap-
orating to saturation and then c<Dil.ing in an ice bath. 
1
1 
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The final yield was about five grams of very pure 
lead chloride. Thf~ yield could be increased if de-
sired by using the mother liquor to dissolve several 
portions of the salt. 
3. Pure Tin 
A large amount of tin was also present in the 
bronzes.· Ordinary c. P. stannic chloride contains 
only lead and copper as impurities. Since both of 
these are present in the bronzes no purification of 
tin was attempted. 
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D. Preparation of Standard Alloys 
If the spectra of a series of metal samples con-
taining decreasing amounts of an impurity be photo-
graphed, the lines due to that impurity will decrease 
in intensity from one spectrum to another. This de-
crease is associated with the decreasing percentage 
content of the impurity. As the percentage content 
of the impurity decreases certain lines disappear al-
together and only the so-called persistent lines 
remain. 
The problem of making a rough quantitative esti-
mate of the impurities in a metallic sample then 
reduces itself to the preparation of standard alloys, 
the evaluation of the persistent impurity lines pre-
sent, and their correlation with the amounts of the 
impurity present in the alloys under investigation. 
1. Metallic Fusion 
The standard alloys were made from the metals 
which compos~the bronzes under investigation. uhem-
ical analysis showed that the Chinese Bronzes con-
tained approximately 70~ copper, 25% tin, and 5% lead. 1 
The first alloys prepared contained zinc in 
1. Vandenbelt, J. M.-, Thesis, Boston University, 1936. 
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known amounts as the impurity. Each sample of the 
alloy had the following composition: 
Copper 1.4 g '70% 
Tin 0.5g 25% 
Lead 0.1 g 5% 
The following amounts of.ordinary u. P. metallic 
zinc were added to each sample of the above alloy::. 
#1 
#2 
#3 
Zinc 
Zinc 
Zinc 
0.0400 g 2lO% 
0.0040 g 0.2% 
0.0004 g 0.02% 
This produced three mixtures of metals contain-
ing approximately the same amounts of copper, tin, 
and lead as the bronzes, and in addition a zinc con-
tent of 2%, 0.2%, and 0.02% respectively. 
These mixtures must be alloyed without access to 
air. Air would cause oxidation of the metals and 
make fusion impossibae. In addition the zinc would 
oxidize very easily and float on the surface of the 
molten metal instead of mixing homogeneously with it. 
An attempt was made to fuse these mixtures in 
an evacuated tube. The two gram sample was placed in 
a clean Pyrex tube about ten millimeters in diameter 
which had been sealed off at one end. The other end 
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was then drawn down to a capillary and attached to a 
good vacuum pump. The system was then evacuated and 
the tube containing the alloy sealed ofi' from the pump. 
The tube was then heated to a dull red to fuse the 
alloy. This method was only moderately successful as 
complete fusion often could not be obtained below the 
softening point of the pyrex. 
Another set of mixtures of the same compositi~n 
as above was then prepared and placed in a clean por-
celain crucible. A pyrex tube connected to a gas 
cock was clamped above the crucible on a ring stand. 
'l'he glass tube extended nearly to the bottom of the 
crucible. The gas cock was turned on and the escap-
ing gas lighted above the crucible. The crucible was 
then heated to a bright red heat using a blast lamp 
and an oxygen-gas flame. The escaping gas above the 
alloy was fairly effective in preventing oxidation 
and the mixture could also be stirred with a clean 
porcelain spatula to insure uniform composition. How-
ever at the very high temperatures used a certain 
amount of dross was always formed which might tend to 
render the exact composition slightly doubtful. 
After comling, the sample was broken up with a 
clean pair of pliers and the fragments washed with a 
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little dilute hydrochloric acid to remove any traces 
of iron. The clean~d pieces were then placed in the 
arc crater as described (III-B) and the spectrogram 
made. 
2. Metallic Salt Mixtures 
This method gave satisfactory results and was 
used for the preparation of all the standard alloys 
for this work. It consisted in mixing a solution of 
the salts of the desired metals in a clean porcelain 
dish. The mixture was then evaporated to dryness 
with frequent stirring •. The dry residue was heated 
until the oxides of all the metals were formed. An 
electric hot plate was used for all the heating to 
avoid conatmination with by-products of combustion. 
The dried oxides were then transferred to a clean 
mortar and ground to an impalpable powder• A little 
of the mixed oxide powder was then placed in the arc 
cavity and the spectrogram made as before. 
The following indicates the method of calculat-
ing the composition of the metallic salt mixtures 
which were prepared: 
M. W. 241.6 
cu M. W. 63.6 
Fraction of copper in copper nitrate 0.264 
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M. W. 331.2 
M. W. 20'7.2 
Fraction of lead in lead nitrate 0.625 
Sn 
M. W. 350.5 
M. W. 118.7 
Fraction of tin in stannic chloride 0.338 
The ::;basis of each mixture was made up as follows: 
Copper nitrate 
Lead nitrate 
Stannic chloride 
2.652;x 0.264 = 0.'70 g Cu 
O.OEg x 0.625 = 0.05 g Pb 
0.'74?; x 0.338 : 0.25 g Sn 
Total weight of metals in basis alloy 1.00 g 
The following amounts of zinc nitrate were added: 
Zn 
M. W. 29'7.5 
M. W. 65.4 
Fraction of zinc in zinc nitrate 0.219 
#1 
#2 
Zinc nitrate 0.0912g x 0.219 = 0.020 g Zn 
Zinc nitrate 0.009lg x 0.219 = 0.002 g Zn 
#3 Zinc nitrate 0.0009g x 0.219 - 0.0002g Zn 
This gave a series of alloys with the following approx-
imate composition: 
#1 
#2 
#3 
Zinc 
Zinc 
Zinc 
2·~0~ (App.) 
0.2~ 
0.02% 
: I.:IJ 
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It is recognized that the above computations are 
not exact. However, since the quantitative estimation 
of impurities by the spectrograph, especially in the 
higher percentages, is at best only very approximate, 
the calculations given are sufficiently accurate. 
3. Atomic Percentagesl 
The amounts of impurities are sometimes stated 
in terms of atomic percentages, since the number of 
atoms present and not the actual mass of the impurity 
determines the intensity of the lines emitted. For 
this work however, percentages by weight are used 
throughout, as these are much more common in analy.-
tical work. 
The following formula can be used to convert 
atomic percentages into percentages by weight. It 
can be used when only one basis metal is present. 
Pw 
PAX Al X 100 
= 
PA X Al (100-PA )AB 
Pw- Percentage by weight of impurity 
PA. = corresponding atom:flc percentage 
Al = Atomic weight of impurity 
AB = Atomic weight of basis metal 
1. Smith, D. M., Metallurgical Anal. by Spect., p. 66. 
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E. comparisons of Spectrograms 
As has already been stated, the problem of deter-
mining the impuritites in a metallic sample consists 
in the evaluation of the impurity lines present, and 
their correlation with the amounts of the impurity in 
the alloys under investigation. For a qualitative 
analysis it is merely sufficient to recognize the 
impurity lines to determine the various impurities 
present. It has been found that one impurity when 
present has no effect on the lines of the other 
impur.ities present. 1 There1'ore one spectrum is 
sufficient to identify all the impurities present 
in an alloy. 
More careful consideration of the spectrograms 
is required if a quantitative analysis is needed. 
has been previously stated that certain lines in a 
spectrum which are due to an impurity, persist when 
the concentration of impurity is decreased by dil-
ution with any metal. These lines are called the 
"persistent lines" or "raies ultimes". Spectrogra-
It 
phic quantitative analysis consists in identifying 
these persistent li~es, and in estimating their den-
sity or blackness compared with the density of the 
1. Smith, D. M., Metall. Anal. by Spect., p. 65. 
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same lines i~ spectrum of an alloy of known com-
position. 
1. comparator Box 
The simplest method of making a quantitative 
comparison ls to look at two superposed plates illum-
inated from behind. The plates were placed on the 
ways of the comparator box. The lines common to the 
two spectra were partially superposed and the plates 
clamped in this relative position with a small screw 
clamp. A careful comparison of the persistent lines 
of the alloy of known composition with themme lines 
of the impurity of unknown concentration permitted 
a rough quantitative estimate to be made. 'l.'he estimat-e 
was made by simple inspection using only a small hand 
lens. The accuracy obtained depends of the care with 
which the known alloys are prepared, the careful 
standardization of photographic technique, the care 
spent in inspecting the plates, and the range of con-
centrations studied. 
2. Projection Comparator 
It was often difficult to make certain that the 
lines being viewed with the comparator box were ex-
II 
II 
0 
actly comparable. To facilitate imspection, a pro-
jection frame was built to fit into a conventional 
lantern slide projector in place of the regular lan-
tern slide projector. The plates to be superposed 
were clamped in two wooden clamps about four inches 
long. These clamps slid in grooves in the projection 
frame. When the two plates with their attadhed clamps 
were placed in the projector their combined image was, 
of course, projected on to\a screen. By moving the 
projector, any desired degree of magnification could 
be obtained. This facilitated inspection greatly and 
also permitted discussion of the observed lines as 
two or more observers could easily see them. The 
projection method has the disadvantage however of 
being slower than the box comparator method as the 
precise adjustment of the plates is more complicated. 
3. Comparisons With Pure Metal Spectra 
After some of the bronze spectrograms had been 
made the first step was to make a list of the possible 
impurities. This was done in the following manner. 
The spectrogram under observation was compared with 
spectrum of a mixture of pure copper, tin and lead 
salts. ~ertain lines were immediately seen which were 
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in the bronze and not in the pure spectrum. The wave-
lengths of each of these lines was measured as care-
fully as possible by means of a transparent calibrated 
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l scale furnished with the spectrograph. These wave-
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lengths were tabulated. 
Next a table was searched which tabulated the 
persistent lines of all the elements by wavelengths. 1 
This gave a rather long list of suspected elements 
each of which might be causing one or more lines in 
the spectrogram. 
Then a table of all the lines of t re suspected 
element was searched and a list made of all the per-
sistent and intense lines. The spectrogram was care-
fully checked for all these lines. •rhe finding of 
two or more lines that checked closely with known lines 
of the element was considered preliminary evidence for 
the presence of that element. In this way the list 
of suspected elements was redueed to no more than 
eight or ten. 
Each possible element was then considered s~parate-
ly again. Its list of persistent and intense lines 
1: 
was checked against the wavelengths of the lines in II 
the tables for copper, tin, lead, and the other eight I\ 
l, 
or ten suspected elements. If a line of the element I\ 
,! 
1. Handbook of Phys. and ~hem., Chern. Rubber Go,Clevelan8. 
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under investigation was found to coincide or to be 
very close to a line due to any of the other probable 
constituents of the bronzes, that line was removed 
from the list and marked as unusable. The number of 
lines that could be used for the detection of each 
element never exceeded three or~ur. These parti9ular 
lines, obv.iously, were the only ones on which it was 
safe to rely for the determination of that particular 
element. 
4. Standard Mixtures Used In Comparison 
All of the bronzes studied contained four common 
impurities, namely zinc, antimony, arsenic, and silver. 
(Section V) To obtain a quantitative estimate of 
these impurities it was necessary to prepare a series 
of mixtures of these metals as previously indicated. 
(III-D) 
The spectra of the series o1' alloys was then photo-
graphed, and compared with the bronze,~ under investi-
gation. If the persistent lines of the known mixture 
were stronger than the same lines of the bronze, the 
plates were shift~d in relation to one another to 
bring the next more dilute comparison spectrum next 
to the spectrum of the bronze. This procedure was 
38 
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repeated until the two sets of persistent lines were 
as nearly the same density as could be determined. 
Then the concentration impurity in the two spectra 
was known to be approximately the same. 
a. Zinc 
The mixtures of zinc were made following the 
methods previously outlined and the following lines 
were selected and used for the quantitative estimation 
of zinc. All values of the wave-length are given to 
nearest Angstrom unit. Intensity units are based on 
a scale of ten, where ten indicates complete blacken-
ing of the photographic plate. A small "p" after the 
wavelength indicates a persistent line. A large "P" 
indicates a very persistent line. A * indicates the 
line most uset'ul for this analysis. 
Zinc 
Wavelength fntensity Close To Due To Intensity 
2140 
2558 
3303 
3345 
4 p 
3 p 
8 
8 
'lO 
2141 
3308 
3349 
Tin 3 
Copper 9 
Silver 1 
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b. Arsenic 
Or Wavelength Intensity close To Due To Intensity 
2288 lOp 2287 Tin 4 
2350-~- 10 p 2355 Tin 5 
c. Antimony 
Wavelength Intensity Close To Due To Intensity 
2068 4 p 2073 Tin 5 
2312 6 p 2317 Tin 5 
2528 6 p 2529 Copper 1 
2598 10 p 
d. Silver 
Silver is very difficult to estimate quantitative-
ly. This is due to the extreme persistence of the on:ty 
usuable line which is at 3383 Angstroms and has an in-
tensity 10. This line may be visible in concentrations 
of ori!:y 0.0001%. 
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IV DATA OBI' A INED 
The reproductions in this section are photo-
graphic prints of representitative plates which were 
taken during the course of the analysis. The prints 
are made on Eastman Ad~ype paper, contrast Number 2, 
for average negatives. 
The rpints were developed for 45 seconds in 
Eastman D-73 developer, rinsed in an acid bath known 
as Eastman SB-1, and 1'ixed for thirty minutes in 
Eastman F-1 acid fixing bath. (III-B) The prints 
were then washed in running water for one hour. 
Eastman D-73 is prepared as follows: 
Elon 
Sodium Sulphite Anhy. 
Hydro quinone 
Sodium Carbonate Anny. 
Potassium Hromide 
Water to make 
500 cc 
2.8 g 
40.0 g 
10.8 g 
75.0 g 
0.8 g 
1000 cc 
For use dilute stock solution with two parts of 
water. Develop :for forty-1'ive seconds at 21°u. I II II II 
II 
:I 
i' 
i' 
i! j' 
=====n=-=========-============--=--·==--:·c..:: ··--··== 
c:.c:-c=-=-o·--:-:-::-_. i;.c.-. ·. ·--·-- c:: _·-c:::;··:_ -:.:-
e~ 
11 
ll 
!i ,, 
I! 
li 
'· 
•' 
" I,
li 
:: li 
·I 
II 
:! I; !; 
t: 
!l 
I: 
'I 
li 
I' II I! 
1: 
I' 
" 
'I 
I! 
I 
r: 
II 
II 
:: 
li 
il 
II 
L 
)! 
,, 
I 
I !I 
li 
i 
I 
I' 
Eastman SB-1 is prepared as !"ullows;. 
Water 1000 cc 
Acetic Acid (28%} 48 cc 
Rinse prints in solution for fifteen seconds. 
Stops development instantly and prolongs life of 
fixfng bath. 
It will be observed that there are thre·e spec-
trograms corresponding to each bronze mirror. This 
is due to the fact that three separate exposures were 
made for each bronze on the same plate. 
. ' 
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Fig. 3 JCP 8 
Fig. 4 JCP 11 
Fig. 5 JCP 12 
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Fig. 6 JCP 13 
Fig. 7 JCP 14 
Fig. 8 JCP 15 
·• 
• 
Fig. 9 JCP 16 
Fig. 10 JCP 17 
Fig. 11 JCP 18 
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• 
Fig. 12 JCP 19 
Fig. 13 JUP 20 
J.<'ig. 14 JCP 23 
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• 
Fig. 15 JCP 26 
Fig. 16 JCP 33 
Fig. 17 JCP 35 
• 
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• 
Fig. 18 JCP 3'7 
Fig. 19 JCP '73 
Fig. 20 LW 9 
• 
• 
• 
c 
cu 
Pb 
Sn 
0.02% 
0.2~ 
2% 
Ag 
nmw 
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Fig. 21 LW X 
Fig. 22 Elements Used In Alloys 
Fjg. 23 Silva~ Alloy 
»J:PWIWtmrtn"'i'RMm mrwrr mr 
• 
0.02% 
0.02% 
0.2% 
296 
Zn 
0.02% 
0.2% 
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Fig. 24 Antimony Alloy 
Fig. 25 Zinc Alloy 
Fig. 26 Arsenic Alloy 
.•. , 
Fig.27 JCP 26 taken on an Ultra-
violet sensitive plate. Plate is 
sensitive to extreme left. Last 
line visible is at 1930 Angstroms. 
Fig.28Print of scale used in 
determining wavelengths of lines 
on spectrograms. Scale times 100 
gives Angstrom units. 
It was necessary to print the 
two spectrograms on this page in 
reverse so that the scale as print-
ed would read correctly. 
Fig. 29 JCP 26 taken on an un-
sensitized plate. Note disappear-
ance of spectrum near white dot 
which is at 2200 Angstroms. Dot on 
left corner of print is at 1930 An~-
stroms. 
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v TABULATION OF DATA 
This section will be devoted to cataloguing both 
the data obtained from the spectrographic analysis of 
the bronze mirrors and the data obtained by Mr. J. M. 
vandenbelt of Boston University who determined the 
percentage of copper, tin,and lead in the bronzes. ~ 
author is indebted to Mr. Vandenbelt for permission to 
use his data. 
outline of Method of Chemical Analysisl 
A sample weighing from 0.2 grams to 0.5 grams was 
dissolved in 1:1 nitric acid. The .resulting meta-stann-
ic acid was filtered and washed with dilute nitric acid. 
The metastannic acid was then ignited and weighed as 
stannic oxide in a coors crucible. 
The filtrate, containing lead and copper, was 
evaporated with three co of sulfuric acid and heated 
to expel the nitric acid. one hundred-fifty co of 
water were added and lead sulfate filtered out in a 
weighed Gooch crucible. 
To the filtrate was added 2 co of concentrated 
nitric acid and 3 co of concentrated sulfuric acid. Te 
copper was then electrolyzed out of solution on plati-
num baskets and using a current of apprOximately 0.75 A 
1. Vandenbelt, J. M., Thesis, Boston University, 1936 
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JCP 4 
Ch'in from Huai Valley 
I Description: 
Completely corroded specimen. Very brittle and 
powdery. White, brown, and green layers, with dis-
tinct concentric blending. Atacamite very pronounced 
and easily broken. 
II Treatment: 
Dissolved in aqua regia. Stannic oxide gray. 
III Chemical Analysis: 
Tin 20.39~ 21.59~ 
Lead 3.09~ 2.91% 
Copper 44.94% 45. 98~ 
Total 68.42% 70. 48~ 
IV Spectrographic Analysis: 
Antimony 
Arsenic 
Zinc 
Silver Trace 
v Remarks: 
Corrosion invalidated chemical analysis. 
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JCP 8 
Ch 1 in from Huai Valley 
I- Description: 
Golden, medium hard, black pit corrosion. 
II Treatment: 
Digested in nitric acid. Metastannic acid left 
in pinkish cake, readily reducible with stirring rod. 
Stannic oxide gray. 
III Chemical Analysis: 
Tin 22.15% 22.10% 
Lead 1.88% _11:;8'7% 
Copper '74.29% '74.24% 
Total 98.32% 98.21% 
IV Spectrographic Analysis: 
Antimony 0.2% 
Arsenic Q:;:05% 
Zinc 0.1% 
Silver Trace 
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JCP 10 
Ch'in from Huai Valley 
I Description: 
Vfhite, hard, high luster. 
II Treatment: 
Dissolved in nitric acid. Stannic oxide 
gray. 
III Chemical Analysis: 
Tin 26.08% 
Lead 3.80% 
Copper 
Total 
IV Spectrographic Analysis: 
Antimony 
Arsenic 
Zinc 
Silver 
0.2% 
0.1% 
0.05% 
Trace 
26.04% 
3.66% 
69.80% 
99.50% 
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JCP 12 
Ch'in from Huai Valley 
I Description: 
Light brown, medium luster, medium hard. 
II Treatment: 
Dissolved in nitric acid. Stannic oxide gray. 
III Chemical Analysis: 
Tin 24.51% 24.50% 
Lead 1.52% 1.72% 
Copper 73.57% 73.68% 
Total 99.60% 99.90% 
IV Spec~rographic Analysis: 
Antimony 0.05% 
Arsenic 0.1% 
Zinc 0.05% 
Silver Trace 
II 
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JCP 13 
Ch 1 in from Huai Valley 
I Description: 
Brown, medium hard, lustrous. Pit corrosion. 
II Treatment: 
Dissolved in aqua regia. Stannic oxide yellow. 
III Chemical Analysis: 
Tin 26.41% 26.45% 
Lead 0.85% 0.88% 
Copper 72.14% 72.15~ 
Total 99.40% 99.48% 
IV Spectrographic Analysis: 
Antimony 0.05% 
Arsenic L;iO% 
Zinc 0.05% 
SLtver Trace 
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JCP 14 
Ch'in rrom Huai Valley 
I Description: 
Light brownish-yellow, hard, lustrous. 
II Treatment: 
Insoluble in nitric acid. Dark r1urry residue 
rormed on hydrochloric acid-nitric acid treatment. 
Stannic oxide gray. 
III Chemical Ana lysis: 
Tin 12.0'7% 12.90% 
Lead 3.3'7% 3.41% 
Copper '71.90% '71.9'7% 
Total 8'7.34% 88.28% 
IV Spectrographic Analysis: 
Antimony 0.2% 
Arsenic 1.0% 
Zinc 0.2% 
Silver Trace 
-I 
I 
i· I 
60 
0 
0 
··nmszw=·rmnrmmwternremrnrat'l·· 
JCP 15 
Ch 11n from Huai va~ley 
I De script ion: 
Brwwn, medium hard, medium luster, somewhat 
pitted by corrosion. 
II Treatment: 
Digested six hours with nitric acid. Metastannic 
acid formed with a large amount of red color adhering 
which dissolved spantaneously in hydrochloric acid. 
Solution was clear after hydrochloric acid treatment. 
Remainign stannic oxide was orange yellow. 
III Chemical Analysis: 
Tin 23.05% 20.94% 
Lead 7.16% 7.27% 
copper 67.31% 67.32% 
Total 9'7.52% 95.53% 
IV Spectrographic Analysis: 
Antimony 0.2% 
0.2% 
Zinc 0.02% 
Silver Trace 
il 
II 
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I JCP 17 
Han from Huai Valley 
I Description: 
Gray, medium hard, medium luster, black pit 
corrosion. 
II Treatment: 
Gray deposit on treatment with nitric acid. 
Gray deposit soluble in aqua regia formed. Stannic 
oxide gray. 
III Chemical AnalF~:I:s: 
Tin 26.24~ 26.3!)% 
Lead 4.41% 4.25% 
copper 66.52% 
Total 97.17% 
IV S pectrograp hie Analysis: 
Ant~mony 0.1% 
Arsenic 0.3% 
Zinc 0.02% 
Silver Trace 
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JCP 18 
Early Han from Huai Valley 
I Description: 
Brown, medium hard, slight luster, corrosion 
greeu. 
II Treatment: 
Dissolved in nitr~c acid. Stannic oxide gray. 
III ChemicalAnalysis: 
Tin 24.18% 
Lead 4.18% 
copper 69.60% 
Total 97.96% 
IV Spectrographic Analysis: 
Antimony 0.5% 
Arsenite 0.05% 
Zinc 0.05% 
Silver Trace 
23.08% 
4.27% 
69.52% 
97.8'7% 
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JCP 20 
Early Han from Huai Valley 
I Description: 
Slightly brown, medium hard, medium luster. 
II Treatment: 
Dissolved in nitric acid. Stannic oxide gray. 
III Chemical Analysis: 
Tin 25.52% 25.40% 
Lead 4.14% 4.23% 
Copper 69.77% 69.82% 
Total 99.43% 99.45% 
IV Spectrographic Analysis: 
Antimony 0.2% 
Arsenic 0.2% 
Zinc 0.05% 
Silver Trace 
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JCP 23 
Early Han from Huai Valley 
I D§S<tr1pt ion; 
Brown, medium hard, medium luster. uorrosion 
powdery and black, penetrating in slight areas. 
II Treatment: 
Dissolved in nitric acid. Stannic oxide gray. 
III Chemical Analysis: 
Tin 24.05% 24.35% 
Lead 6.66% 6.65% 
copper 68.02% 
Total 98.'73% 
IV Spectrographci Analysis; 
Antimony 0.1% 
Arsenic 0.2% 
Zinc 0.02% 
Silver Trace 
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JCP 26 
Han from Huai Valley 
I Description: 
Light browm, medium hard, sldght luster. 
II Treatment: 
Dissolved in nitric acid. Stannic oxide gray. 
III Chemical Analysis: 
Tin 23.31% 23.05% 
Lead 4.86%' 4.78%' 
Copper 71.58%' 71.~8% 
Total 99.75% 99.31% 
IV SpectrograPhic Analysis: 
Antimony O.l% 
Arsenic 0.5% 
Zinc 0.02%' 
Silver Trace 
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JCP 33 
Han f'rom Huai Valley 
I De script ion: 
Slight brown, sof't, lustrous. 
II Treatment: 
Slowly soluble in nitric acid. 
yellow. Stannic oxide gray. 
III Chemical Analysis: 
Tin 24.76% 
Lead 5.29% 
copper 69.8?% 
Total 99.92% 
IV Sre ctrographic Analysis: 
Antimony 0.5% 
Arsenic 0.5% 
Zinc 0.05% 
Silver Trace 
Metastannic acid 
24.69% 
5.46% 
69.65%' 
99.80% 
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JCP 35 
Han from Huai Valley 
I Description: 
Brown, soft, medium luster. 
II Treatment: 
Dissolved in nitric acid. metastannic acid 
grayish pink before heating, gray after. 
III Chemical Analysis: 
Tin 24.19% 24.36% 
Lead 5.06% 5.04% 
Copper '70.13% '70.09% 
Total 99.38% 99.49% 
IV Spectrographic Analysis: 
Antimony 0.2% 
Arsenic 1.0% 
Zinc 9.02% 
Silver Trace 
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JCP 37 
Later Han mirror 
I Description: 
White, medium hard, lustrous, pit shaded. 
II Treatment: 
Dissolved in nitric acid. Stannic oxide gray. 
III Ghemical Analysis: 
Tin 25.12% 
Lead 5.84% 
Copper 68.76% 
Total 99.72% 
IV Spcetrographic Analysis: 
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Antimony 
Arsenic 
Zinc 
Silver 
0.1% 
0.2% 
0.02% 
Trace 
24.90% 
5.78% 
68.60% 
99.28% 
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JCP '73 
T'ang Mirror 
I Description: 
Slight browm, medium hard, slight luster. 
II Treatment: 
Partially soluble in nitrtc acid. Red residue 
soluble in hydrochloric acid. Stannic ox~de orange. 
III chemical Analysis: 
Tin 24.08% 
Lead 5.10% 
copper 
Total 
IV Spectrographic Analysis: 
Antimony 
Arsenic 
Zinc 
Silver 
0.5% 
0.05% 
0.05% 
Trace 
23.81% 
4.9'7% 
68.15% 
96.93% 
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JCP 122 
T'ang Mirror 
I Desctiption: 
Silvery, hard, lustrous. Pitted with atacamite. 
II Treatment: 
Dissolved in nitric acid. Stannic oxide yellow. 
III Chemical Ana lysis: 
Tin 26.44% 26.07% 
Lead 3.31% 3.20% 
copper 69.95% 70htO% 
'l'otal 99.70% 99.37% 
IV Spectrographic Analysis: 
Antimony 0.2% 
Arsenic 0.2% 
Zinc 0.2% 
Silver Trace 
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LW 9 
I Description: 
Light golden brown, medium hard, medium luster, 
brown pitted. 
II Treatment: 
Dissolved in nitric acid. Metastannic acid 
yellow before ignition. Stannic oxide gray. 
III Chemical Analysis: 
Tin 23.97% 23.76% 
Lead 5.98% 6.00% 
copper 69.60% 69.67% 
Total 99.55% 99.43% 
IV Spectrographic Analysis: 
Antimony 
Arsenic 
Zinc 0.02% 
Silver Trace 
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LW X 
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I Description: 
Light brown, soft, ~ood luster. 
II Treatment: 
Dissolved in nitric acid. Metastannic acid 
pink. Stannic oxide grayish-yellow. 
III Chemical Analysis: 
Tin 23.52% 23.65% 
Lead 5.34% !"'iSt.4~% 
copper 70.25% 70.20% 
Total 99.11% 99.31% 
IV Spectrographic Analysis: 
Antimony 0.05% 
Arsenic 0.02% 
Zinc 0.05% 
Silver Trace 
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VI CORRELATION OF DATA 
The chemical analysis of the bronzes gives an 
interesting correaation. As can be seen by inspecting 
the data of the previous section, the Ch'in mirrors 
average about 72% copper, while the Han mirrors have 
only about 69% copper. On the other hand the Ch 1 in 
mirrors have only about 2.3% lead while the Han mir-
rors have about 5.1% lead. 1 At the time of writing 
no good correlation in the tin analysis had been dis-
covered. 
The spectrographic analysis of the bronzes gives 
a less satisfactory correlation. In general it may 
be stated that the ch'in bronzes have more antimony 
and zinc than the Han bronzes. In addition the com-
position of the Han bronzes with respect to antimony, 
arsenic, and zinc seems tb be more uniform in general 
than the composition of the Ch'in bronzes. This is 
not surprising as the ch 1 in bronzes are generally 
conceded to be much older than the Han bronzes, and 
the technique of casting would be expected to improve 
with the lapse of time. 
1. Vandenbelt, J. M., Thesis, Boston University, 1936. 
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In addition to the abo~e correlations an attempt 
was made to plot the antimony, arsenic, and zinc con-
tnets against the tin, lead, and copper contents of ts 
bronzes with the hope of finding some correlation. 
No such correlation was observed. If a correlation 
could be found between any of these quantities, it 
could be used to determine which of the three pri-
mary metals originally contained the impurity in ques-
tion. 
The following tables are presented as a summary 
of the spectrographic data of the previous section. 
The bronzes are catalogued in order of decreasing 
impurity content. 
75 
TABLE I 
ANT IMONY C ONT ENr 
Bronze Number Per cent Antimony Dynasty 
JCP 18 0.5 Early Han 
JCP 33 0.5 Han 
JCP 73 0.5 T'ang 
JCP 4 0.2 Ch 1 in 
JCP 8 0.2 Ch'in 
JCP 10 0.2 Ch'in 
JCP 15 0.2 <.;h' in 
JCP 20 0.2 Early Han 
JCP 35 0.2 Han 
JCP122 0.2 T 1 ang 
JCP 14 0.2 (jh 1 in 
JCP 17 0.1 Early Han 
JCP 23 0.1 Han 
JCP 26 0.1 Later Han 
JCP 37 0.1 Han 
LW X 0.05 T'ang 
LW 9 0.05 Han 
JCP 12 0.05 Ch' in 
JCP 13 0.05 <.;h 1 in 
I, 
0 
i· 
I 
Bronze Number 
LW 9 
JCP 13 
JCP 14 
JCP 35 
JCP 1'7 
JCP 26 
JCP 33 
JCP 4 
JCP 15 
JCP 20 
JCP 23 
JCP 3'7 
JCP 122 
JCP 10 
JCP 12 
JCP 8 
JCP 18 
JCP t"f3 
LW X 
i 
I 
II 
TABLE II II I· 
ARSENIC CONTENT 
I 
I 
' 
Per Cent Arsenic Dynasty 
1.0 Han 
1.0 ch' in 
1.0 Ch' in 
1.0 Han 
0.5 Han 
0.5 Han 
0.5 Han 
0.2 Ch' in 
0.2 Ch' in 
0.2 Early Han 
0.2 Early Han 
0.2 Later Han 
0.2 T 1 ang 
0.1 Ch 1 in 
0.1 Ch' in 
0.05 Ch' in 
0.05 Early Han 
0.05 'I'' ang 
0.05 T'ang 
• 
I 
I 
I 
I 
I 
I 
l 
l 
I 
{ 
l 
·-
I I 
i 
• II 
Bronze Number 
JCP 14 
JCP 122 
JCP 4 
JCP 8 
JCP 10 
JCP 12 
JCP 13 
JCP 18 
JCP 20 
JCP 33 
JCP 73 
LW X 
LW 9 
JCP 15 
JCP 17 
JCP 23 
JCP 26 
JCP 35 
JCP 37 
TABLE III 
ZINC C ONT ENr 
Per Cent Zinc 
0.2 
0.2 
0.1 
0.1 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
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Dynasty 
Ch' in 
T'ang 
Ch'in 
uh'in 
Ch' in 
Ch'in 
Ch'in 
Early Han 
Early Han 
Han 
T'ang 
T'ang 
Han 
Ch' in 
Han 
Early Han 
Han 
Han 
Later Han 
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VII SUMMARY 
A study of a series of ancient Ghmnese bronze 
mirrors has been made. Their original significance 
and archeological value has been discussed. The 
origin and history of the collection has been sum-
marized. 
A spectrographic method of analysis has been 
formulated. The adjustment of the spectrograph, the 
placing of an auxiliary slit system, and the adjust-
ment of the light source have been described in detail. 
The photographic technique necessary for the 
production of exactly comparable spectrograms has 
been given. The standardization of exposure and dev-
elopment of the photographic plates has been discussed. 
Methods of preparing pure copper, tin, and lead 
have been given. The use of the spectra of these 
metals for comparison with the spectra of the bronzes 
has been described. 
Several methods of preparing known mixtures of 
metals have been tried. As eries of standard salt 
mixtures has been prepared and with the aid of these 
1 standard mixtures a method of quantitative analysis 
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for antimony, arsenic and zinc has been developed. 
Spectra have been compared using both a simple 
light box and projection comparator. The limitations 
and advantages of each method have been studied. 
The quantitative estimates of impurities in the 
series of bronzes have been recorded. These estimates 
have been studied in an attempt to correlate the 1m-
purity content of a bronze with its date and place 
of origin. 
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